Procedures followed were in accordance with the standards of the Ethics Committee of the University Hospital of Puerta de Hierro (Madrid, Spain) and the Helsinki Declaration, as indicated in the guidelines of the Scientific Technologic Project AGL 2001-2398-C03. Informed consent was given by the participants prior to the start of the study.
Study Design
Volunteers were randomly assigned to follow a non-blinded, cross-over, controlled study, consisting of two 5-week experimental periods. The study design has been described previously [11] , shortly participants followed their normal dietary habits during the 4 to 6-week wash-out interval that separated the two trial periods. During the WM period, volunteers consumed four 150 g restructured WM steaks and a 150 g ration of WM sausages per week, all containing 20% walnut paste. During the CM period, volunteers consumed four 150 g restructured CM steaks and a 150 g ration of CM sausages each week. The composition of the two types of meat studied is presented in Table 1 . Information regarding the preparation of meat products (WM and LM) is available in Serrano et al. [9] . Study participants were strongly advised to avoid consuming any other meats or meat products in their diet during the trials.
Dietary assessment
Frozen CM and WM products were distributed to study participants on a weekly basis. Special emphasis was given to compliance and management of intake with regard to frequency, dates and numbers of steaks consumed. The substitution of conventional meat products by the experimental meat products in the framework of a mixed diet was confirmed and verified by regularly checking the volunteers' dietary records.
Participants recorded the amount and kinds of food eaten every day to avoid any possible doubt regarding their diets. Food Composition Tables [27] were used to calculate the volunteers' dietary energy and nutrient intakes. Despite the peculiar taste of WM, most volunteers (80%) reported enjoying this type of meat. Forty percent of the participants, however, commented unfavorably on the low palatability of CM. In addition, walnuts provide γ-tocopherol, which was used as a marker to assess compliance by measuring volunteers serum concentrations after each trial period [10, 11] . 
Sample collection and Preparation of hemolyzates
Blood samples were collected and prepared for analysis by trained staff. Blood was gently delivered in vacutainer tubes for PON-1 determinations while in citrate tubes for SOD, CAST, GSH and GSSG analysis. Serum was separated at 1500 x g for 15 min at 4ºC while citrated blood was centrifuged at 1000 x g for 10 min at 4ºC, and the plasma and buffy coat removed. Erythrocytes were washed with PBS (pH 7.00, containing 140 mM NaCl) three times and erythrocytes were hemolyzed with ice-cold distilled water.
Hemoglobin (Hb) content was determined by using the cyanmethemoglobin method [28] . Hemolyzates were used to determine SOD and CAT enzymatic activities and GSH and GSSG concentrations.
Enzymes assays
SOD activity (EC 1.15.11) was determined according to Marklund & Marklund method [29] , based on pyrogallol autoxidation. One unit of enzyme activity was defined as 50% inhibition of the rate of pyrogallol autoxidation. Results were expressed as U/g Hb. CAT (EC 1.11.1.6) activity was estimated according to Aebi method [30] , monitoring the rate of disappearance of hydrogen peroxide at 240 nm. CAT activity was expressed as U/g Hb. PON-1 (EC 3.1.8.1) activity was determined in Tris/HCL buffer (90mM Tris/HCl, 3.6mM NaCl and1.9mM CaCl 2 ) by measuring the rate of hydrolysis of paraoxon in p-nitrophenol catalyzed by the enzyme at 37ºC and 405nm [31] . Frozen aliquots of pool sera were used as the internal control. One unit of PON-1 activity was defined as 1 μmol of p-nitrophenol formed per L per minute in sera.
Glutathione status and Lipid Peroxide assay
Total glutathione (GSH plus GSSG) was measured by fluorometry, according to Hissin & Hilf method [32], using o-phthaldialdehyde. GSH and GSSG results were expressed as μmol/g Hb. The redox index was calculated as the GSH/GSSG ratio.
Measurements of LPO in erythrocytes, based on determination of malonyldialdehyde 7 (MDA) and 4 hydroxyalkenals, was performed using the Bioxytech LPO-586 kit (Oxis Research, Porland, USA). α-tocopherol and γ-tocopherol in the serum of the volunteers were analyzed by means of high performance liquid chromatography (HPLC). Methodological details have been described elsewhere [11] . The HPLC method was validated throughout our participation in the Fat-soluble Vitamins Quality Assurance Programme (for serum and food samples) conducted by the National Institute of Standard and Technology (NIST, USA). End data for α-tocopherol and γ-tocopherol correspond to the mean of analyses on days 28 and 35 in each meat period.
Serum lipids and glucose.
Serum cholesterol, HDL cholesterol and triglycerides were determined by standard enzymatic analysis (Boehringer, Manheim, Germany). Cholesterol transported by LDL was calculated using the Friedewald et al formula, where LDL cholesterol = Total cholesterol -(HDL cholesterol + Triglycerides /5), all parameters in mg/dl.
Paraoxonase genotyping
DNA was extracted from peripheral blood cells using the Ultraclean Bloodspin kit (MoBio Laboratories Inc, Carlsbad, California, USA). PON-1 genotyping was carried out by a multiplex PCR assay [33] . Amplification of 111 and 144 pb fragments was performed using a standard polymerase chain reaction (PCR) for PON-1-Q192R and PON-1-L55M, respectively. Reagents were purchased from Promega (Madison, USA) and PCR was performed using a DNA thermocycler (Mastercycler-ep380®, Eppendorf, Hamburg, Germany).
Statistical Analyses
Data are presented as means ± SD. The Kolmogorov-Smirnov test was used to test for the normal distribution of data. Although the study was designed having serum cholesterol as the primary outcome variable, the present paper displayed a statistical power higher than 85% to detect a 30% relative difference (15 
Results
From the twenty two participants, 12 were males and 10 females. The average age of them was 54.8 years with no-significant age gender differences (p>0.1). Mean BMI was 29.6 kg/m 2 (55% overweight and 45% obese). Genotype frequencies at both restriction enzyme sites (55 and 192) were in Hardy-Weinberg equilibrium (p > 0.05). (Table 5 ).
In PON-1 55LL carriers, WM intake increased SOD (p < 0.05) and PON-1 (p < 
Discussion
This is the first study to date that evaluates the effects of two potential functional No significant differences were observed in energy consumed by volunteers during the WM and CM diets period; although the former diet was somewhat richer in energy than the latter, as it contributed a greater amount of fat and polyunsaturated fatty acids.
In addition to their high ω-6 and ω-3 polyunsaturated fatty acid content [3] [4] [5] 34 ], walnuts also contain compounds such as arginine, γ-tocopherol and polyphenols [4, 34] that improve antioxidant status and may be associated with decreased prevalence of CHD [1, 2, 13] and MS risk factors [1] . 
